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Abstract

Laser diodes are inherently nonlinear devices, so driving a low cost 10-Gb/s laser diode
requires the laser diode driver (LDD) with output transmission line back-termination which
absorbs signal reflection from imperfect load. The simplest way to achieve back-termination
is placing on-chip resistor at the output of the driver, but it is very power-inefficient because
of loading effect. To overcome this problem, various design topologies of active
back-termination implemented in expensive GaAs or SiGe bipolar process have been
proposed in the past few years. In this thesis, we propose a new active back-termination
topology to enable low-cost and flexible solution. It is composed of a diode-connected
transistor and dynamic biasing current source proportional to output modulation current.
Besides, we use cascode configuration and add constant-gm biasing circuit for reducing PVT
variation. Inductive shunt peaking and capacitive degeneration are employed in this design to
improve the operating bandwidth. The topology is suited to low supply voltage advanced
CMOS process and is incorporated to implement a 1.8V 10-Gb/s single-ended LDD. This

driver is fabricated in TSMC 0.18-pm CMOS process and the modulation current range is

from 20mA to 60mA. The measured rise/fall time and jitter are 38ps and 12.3 psy,. The output




return loss is better than 7dB within 10GHz and the power consumption of this driver is only

0.24W at 60mA modulation current. Die area of this design is 760um*610um.
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(1) A 10Gb/s Laser/Modulator Driver IC With a Dual-Mode Actively Matched Output
Buffer (JSSC 2005):
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(2) A 3V 10.7Gbps Differential Laser Diode Driver with Active Back-Termination
Output Stage (ISSCC 2005):
B ERE#wed FH TAHEE 1 (Analog Devices, ADD#t# 8! » P w R g 30 H & B
Ag? o §- BERERTR 3VE f%iﬁﬁﬂiﬁ%ﬂﬁ?%:ﬁ@ﬁﬁﬁ’?ﬁ%ﬁ

o

g ?‘J’*@QT’L“"#\““ E4 lwk,v%] Vo R T A R Ao 34 ot 0 E R
Hg %o gy w P23+ B (Darlington Feedback Amplifier)— 4k & * 3t 5447 T BL % Soin i BAE 4R
s Qﬂﬂ’*hﬂé%ﬂ& HTIAEAE o H AR EEL - SR T AR,

il RIS To/k > SiEH F 5k Tinsc s B No2kd § 6= A E 20 R B
PR R 5 AR M i o ST T w45 B S Ro(2 3¢ 31 T R
P T B AU AR TE G R BT e

Zo
TL
? lo
Ro B RL vi R A
lo
= Vud * ¢ :-lﬂ T
; lin Rs gm x V, RL

[ Darlington feedback amplifier |

B 3-4 vt B i e

R +Rs
1+ gmxRs

(238 3-1)

0o —

d TR H F k] REEAT(2 N 3-2-3-4)F F g NP F L RT A FRR3
Kif FlaF et Foa g o (e 3k A Ro2 B R R EUFE 2 Mg ”%Tkﬁlxmﬁﬁﬁ%
;F,
M
H

P10

PR DR T ek o FIP R EER S M AR R w R R EL > TP ;
_gggﬁg}lﬂ;%i—‘: g*,}jﬁgxrfﬁ% = R AP =P i fie c1%4 A o TR R
TTETETE RN PR ISP ST Ry LY

Lefp 3 S B R PR S v e B oA R e
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V
Vi=—Ri(lg—gm-V)—Ig-RL, Ig—gm-V, =Rt lin (237% 3-2)

lp _ (1=gm-Ry)-Ry

— =k,R, =R A X
lim  Rs+Rf +R_ o~ "L (234 3-3)
I 1-gm-R;)R,

—>—°:( J ) =k >>1 a3 3-4)
Iin (1+gm'Rs)'Ro

(3) 45% Power Saving in a 0.25um BIiCMOS 10Gb/s 50(2-Terminated Packaged

Active-Load Laser Driver (ISSCC 2007):

PERESEFE /RS- BRETRL 18V F M- S Eoa &k
P ACRIEYS AP T A G E A 6 0 SR TR TSRS ) 45 M TR 2 VCSEL
3-5 977 & d gy i Ae bR RURIE A~ JEFRZ; i sy s de L d RIERe B
A FE S RPMOSE FAS f s BRGNP R RE IR Ed DI
T i @ﬂi%]f»‘%u‘f’_iﬁzo AT S F Jm A EAIT(0 5N 3-5~3-8)F v F iE iR RN
37 B i BN E A 4 0 R S f e T L 0 250 3-8 S 0 KPR
FOUERpEA 4 8 - AR RIS R T e By T - B3 7 &
&%@ﬁdﬁﬁﬁﬁmﬁ*ﬁ’éﬂ%{é“%&?&FUﬁﬂﬁ$iﬁ$ﬁéﬁﬁ

F] o

| §|ng|e §tage Cascode OP |

GBW=10GHz

Vem

Rf Rf Vo

AA% AAA

Vi
zi ! = ! gm x A x Rf>>1
. gm x A x RL>>2
li (Vi+Vo)(gmA)/2  (Vi+Vo)(gmA)/2 RL
=> Zi(de) = RL || (R#/2)

Bl 3-5 1§ 1 Ling - mlRe E
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_VitVo

V.
Vi +V, !
2R¢ (gm- A(' Yo, °>=vi—voAi=gm-A~(' %)+ : 2% 3-5)
RL 2 Rf
;2
Ri(l+gm-A-Rf)+
L
— Zj =—= .
o = Rf ~ 5 3-6)
2gm-A-Rf +—(1+gm-A-R¢)
RL
ifgm-A-Rf >>1,gm-A-R >>2 A 3_7)
Rf
_>Zi(dc)=(RL||T) (23 3-8)
e E LR AL T - BRI R E SR FELFREL R

PR RRIANELPRISHEE I AR M EF FAG o F R S LR
%%ﬁ%@ﬁ%ﬁﬁﬂ%’ﬁ@m%ﬁ T nd + 3 5p# FP & DFP 3 &= 148 > ot p
e FBLAN I G VA w R fe oA B [T e 0 R gm 4 % 3 e 1
BT ILRT R eiaiE (2 0 AL RS SRR AE R AR T R 2 A2 E L) 47 % 722k
- BEABHE - Bk BE A BEFHL B LK xripa[%](Dynamic Range) R 48
RTREBRTR A R TPy QUG LR TR G ¥ -5 2§ 5= &H5%
B B BN BT R L RS R A E AT FH AR

3-3-2 AT AF ¥ A CMOS M REAL 1 H T KR

EAPSE R FRHNFRRE A T LR R ARA A G 0 P

B2 B HIOE A Y T KB BT R CMOS A fl4Eg oo iSRS E 0 F A
PR g e e L R - BATE R LSS ST R AT R T R
U AR A BT EE 1.8V 1 TSMC 0.18um CMOS #4% 10-Gb/s & 4= 14l 556+ %
¢ o

AN A E SRR T RERDAHILLEAOR 3-6 477 0 Lk § M- SRS
e dor AT IR WA mEEe 7 PRTERMEIFL - ?&ﬁ’iﬁﬁﬁqii‘
(Diode Connected Type):% &b tMa » H if R 5p#° 7 i 5 £2 S IART R e D )G
Vkiz o 8% 5 i gy iy ) 208 5LoRE: § 5 BAEEE > iR B SR TS 1R, @
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Vg p———————— GD i‘?
lo lofk
.
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BRI PR T RSB .

Input Stage Pre-driver Stage Output Stage TOSA
VDD
VDD

Vpi

active back-termination stage

B 3-7 § 54 mAoRds B2

AF N BT RTERGE B 38 R B e 2R 3O SN P b
e e iZ SR 3 % Ve Mo d R GIR £ 30 1/gn R A B8 g 7 fe g 4E 410
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£
f
%
PP F B A B GO S 2T AR R BN TR TR 2L N 0 RyfhiE
~h
L
s

So Ml s R R APEAR § E R o ARG A BN BT e R R A AT e
R TRl ﬂrig?lféxu‘i#"@% et AP R R R HHEMaE iR AT Hen=1/25S 0 A K
BHBTIEF EHBEDT R EH AP F 2 T FCdd s BERFIRFT ALy
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(1)jz 2_7 ¥ % & T i (Constant-gm Biasing Circuit):
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[16]%F R BRL=L» ¥ 48 0 T S AMa2 ARy 5 it 4 il i § 4o 3 3210 #F
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e AAZin % TIE R WAR B B G SRS R 2 s A S R R R
# % »T s (Channel Length Modulation Effect) ¥ Ziper 2 58/ 1% % > § § - &M 5% gﬁiﬁ
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Zin(de)=1/Gm(Ma1)+Rds Iz

i
M

B : d : 1
B39 Frid 37 REET mRTBEOT IR

FWT wariation
40 ——With constant-gm
35 / bias circuit
0 —a—Wfith poly resistor
— 23 ﬁkw.{‘\/* %‘A
.1 TN ,
5 20 — Variation(max)=16.6%
I
15
10 — Variation{max)=35.5%
OTT,ZS‘C TT,0C TTB0T FF25C SS25C FFO0C SS80C On Off
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lg. 27 -=-Compensation
N 26 Current{lc)
25 . -+ DC Centrol Loop
24
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60 50 40 30 20 (mMA)

modulation current

Bl 3-12 4v » BV JER T R ILRT fe el B
3-4-3 BETEHERHAH KT

Gl gy T FAZE 10-Gbls g § X AT S oS BA L A g
A F ¥% 3 $ 77 (Bandwidth Enhanced Technique) kA% T B @ & 4 T F & & i@l > 113
FOLHE b T OB BT R R R e O B ) B s S d OB k3
SRR I EIE SR IRE S B ESah L RS sl T S NN A e
PHIT oA ERBETERAY Y BRI BEITTAoL 3-1 77 0 £ F A A shunt
peaking[17] ~ f & % ~ & * HH T B 5 X WU T8 0 TRA[I8]1 2 # * 3 g 1
T-coil[19]¥ Shunt and double series peaking[20]% o fiz=X eh® BKHP » AP T *
shunt peaking % w4 B #%3 > 827X shunt peaking i L2 5 B 4F g 3 % #c(Enhanced
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Technique Bandwidth Enhanced factor
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converter)
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TRA (triple- resonance 3.5X
architecture)
T-Coil peaking 2.7X (uniform group delay)
Shunt and double -series 3.23X(maximally flat
peaking frequency response)
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FF AR g =

TR B AT )2 M BB H $77 904 47 0 shunt peaking F TR
e 2 4B 3-13 0 HRLCHR
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2 3% 3-15 Bl E_F 4vshunt peaking$§ 3 2 16 e 587 Jn AR T2 v (B 0 * R & R A B4R
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B 3-13 shunt peaking £ H 2 & ] 3 57
1 RIs(L/R)+1
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RC .
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@ U m” i 2
E: —T+m+l+ —T+m+l +m (22 3-15)

Conditions m Bandwidth Overshoot
Improvement
Max Bandwidth | 1.41 85% 20%
Maximally Flat | 2.41 72% -
Best Group Delay | 3.1 609 -
No Shunt Peaking | oo - -

# 3-2 shunt peaking #t% B 12

BREAPT UFRLE R R TR RS R FhoB] 3-14 82 3-15 41
Ao LB E T R TR T & MMaEE 2 TR CoafoCo e TEB 2E § #RA 2 5 R 1R
27— i F BZh(2 3% 3-16~3-19)» Gml » Gm2 4 wj;f;\ﬁiﬂ:".&;i" 38 BT A i R SR T

L RE A R - BREROEERTA IR 5 L E S BRI FE K
OISR B AP R i ERPTE —R R Lo 5 shunt peaking#f b A 4 -
BB B2 50 3-20) 0 e SR d I e faZa2 A 45T o Lgtf A 2 2 B B
AOGREAFARAL > AR REEE L BN SRR RRTE e~ CiFS
BEEA (250 321) 0 JE ot ML f 2 B3 AR I P TR S
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o—| Mb3
Vmod p—
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bias circuit

Bl 3-14 5 di gt 4 5t M T fe TR A 4T ]

aM(Mm 6) Gz 29M(m 7)
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2,(8) = Ry | (e ey e

1 = e

97 sCyg ¥ THsCyqRy

R =750, ——— 217,50 > Z(5) = ————
gm(Mal) 0~7'SCgS
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I
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238 3-16)

(=34 3-17)
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0026 175
PL="pc 21 »%P2 " pc
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234 3-19)

30



lo/Vpi| ‘

Shunt peaking

-
- w
Wzl Swpt1 Wp2

Capacitive degeneration

+Shunt peaking

f® 3-15 ﬁi%l R L/ A S
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Rg(1+s %)

Z1(8)=— 2
amev 7)(RsCsS +1)
Gma(s) = gm ( sz el ‘
b~ Whes: +2RsCes+2 (2358 3-21)
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Without bandwidth enhancement Output stage With Lg=3.7nH, Cs=0.12pF

Output stage Without Cs, Lg=6.8nH
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Without shunt peaking With shunt peaking
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—With shunt peaking |
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impedance, Zin) & <H4F 5 P el 385 BR, 0 EIRE B, > Ry Bl 28 3% 4 &> ¥ d
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Rs =real(Zin)dc » Rsub = real(Zijn)max (234 3-22)

Ls =imag(Zin)qe / 27f a3 3-23)

1
Cp = fsr : self —resonance frequency

)" - Ls 23t 3-24)

Csub =Ct —Cp,Cs =[Ls /(R +(a’sr2L32))] (23 3-25)
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4k ehidE A Lo

Eye diagram (Without bondwire effect) | Eye diagram (Bondwire effect:0.5nH)

Eye diagram (Bondwire effect:1nH) Return Loss

-30 * —— Without bondwire effect (522=-8.5dB@10GHz)
i -- Bondwire effect : 0.5nH (522=-7.3dB@10GHz)

'35_5 —— Bondwire effect : 1nH (S22=-2.1dB@10GHz)
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Eye diagram (TT25°C) Eye diagram (FF0C)
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Eye diagram (SS807C) Return Loss
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-40 | ] T
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B 3-23 # F'corner T Z iRt %
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Eye diagram (Imod=60mA) Eye diagram (Imod40mA)
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Specification Simulation Result
Data Rate 10Gb/s

Imod Range 20mA-60mA
Rise Time (20%-80%) 35ps
Fall Time (20%-80%) 35ps
Deterministic Jitter <5ps

Return Loss 7.3dB

Power Dissipation 0.24W

Die Size -

£33 Hmis B 4
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Matching L-Pad
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Parameter~ Typical specificatione | lwaesgP8ll
Threshold current- 8 mA- . Eﬂl i m::;r? #_Id..m-nﬂw.hhja:;f o
5 i b
Differential Efficiency- 0.025 WA- | | =] = - - am b A
. P ST
Rise Time~ 30 pse . n‘;{l é — e
Pl G et e ey T T e S R
Fall Time- 40 pse - WX e——
—— : neuwy EE MR MR o=
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4-3 FRELHE

p'? Ll ﬁ;’i

Specification Simulation Result | Measurement Result
Data Rate 10Gb/s
Imod Range 20mA-60mA 20mA-60mA
Rise Time (20%-80%) 35ps
Fall Time (20%-80%) 35ps
Deterministic Jitter <5ps
Return Loss 7.3dB
Power Dissipation 0.24wW
Die Size - 0.76mmx0.61mm
% AL R EAT A R £
Source JSSC2001[16] ISSCC2005[17] This Work
Technology&supply GaAs pHEMT- SiGe SOl bipolar | TSMC CMOS 0.18um,
voltage 0.25um;. 5V 0.35um, 3.3V 1.8V
Data Rate 10Gb/s 10Gb/s 10Gb/s
Imod Range 20-100mA 10-80mA 20mA-60mA
Rise Time 20ps 28ps 38ps
Fall Time 20ps 27ps 38ps
pk-pk Jitter N/A 8.5pS(p-p) 12.3pSp-p)
Return Loss 14dB(On Wafer) 10dB(N/A) 7dB(COB)
(DC to 10GHz)
Power N/A 0.67W 0.24W
Die Area N/A 1.5mmx1.5mm 0.76mmx0.61mm

3042 TEATION R
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B

V4

N1 —
A ]

Design Parameters

MOSFET W/L(pm/um) R/L/IC Value
M4/M 159/0.18 Rp1/Rp2 43Q
M+ 160/0.5 Ls1/Ls2 0.9nH
M3/M, 281/0.18 Rp3/Rpas 25Q
Ms2 473/0.5 Lea/Lsa 0.7nH
Ms/Mg 368/0.18 R¢(external) 25Q
M3 1126/0.5 * *
M.+ 132/0.18 Rg 400Q
M. 216/0.18 Lg (stack) 3.78nH
M-/Mg 60/0.18 R 162Q
Mp4/Mps 33/0.5 Cs 0.12pf
Mg 1.5/0.5 R(external) 2kQ
Ms. 4/0.5 * *
Ms3/Ms4 18/0.5 * *
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